Objective: This study aimed to evaluate construction workers' health behaviors, attitudes, and perceptions of health risks from work related and non-work related hazards. Methods: Construction workers completed a survey that assessed hazardous health behaviors (such as alcohol and tobacco use), attitudes toward health, and health risk perceptions. We compared construction workers' health behaviors to general population data from the behavioral risk factor surveillance system (BRFSS). Results: Construction workers reported greater smoking and drinking compared with their age-adjusted white man counterparts in Missouri. While there was a high awareness of work-related health and safety risks, concerns about general health risks did not correspond with risks from relevant health behaviors. Conclusion: Educational efforts have created awareness of workrelated safety and health issues in this population; similar efforts are needed to address disparities of general health behaviors.
C onstruction continues to be one of the most dangerous industries in the United States. While the number of fatalities related to construction has decreased over time, the rate of nonfatal and fatal injuries are still high, with 9.4 deaths per 100,000 full time equivalent workers reported in 2010. 1 The estimated direct and indirect cost of fatal and nonfatal construction injuries totaled $13 billion (2002 dollars), and the medical expenses of nonfatal injuries alone totaled $1.36 billion per year. 1 For these reasons, many efforts to decrease workplace injuries and work-related disease risks have been implemented among construction workers. 2 Less attention has been paid to other disparities in health behaviors that put construction workers at higher risk of chronic diseases. [3] [4] [5] A number of studies have documented high rates of smoking, alcohol, and other substance use in the construction trades. [6] [7] [8] While overall smoking rates have declined in recent years, there continues to be a substantial disparity among different occupational groups. 9, 10 National data show that smoking rates among blue collar workers are more than twice those of white collar workers. 10, 11 Specifically, construction is consistently among the highest smoking industries, with recent reports showing it just behind mining/ extraction (38.5% vs. 39.9%, respectively). 10, 12, 13 A strong association between occupation and alcohol use has also been noted, with workers in physically demanding occupations reporting drinking more frequently, drinking in larger quantity, and more frequently binge drinking.
14 These reported behaviors are associated with workplace injuries, as well as excess smoking and alcohol related deaths among construction workers. 15, 16 Obesity, seatbelt use, and sunscreen use are other important risk factors for chronic conditions and injuries in construction workers given the nature of their work (eg, manual labor, outdoor work, long commutes to work, and motor vehicle operation as part of work). Recent reports cite obesity prevalence in construction workers around 28% 17, 18 and studies in construction workers show that workplace injuries increase as body mass index (BMI) increases. 19, 20 A report examining self-reported seatbelt use by occupation in 21 states showed that construction workers had the highest rate of not wearing seatbelts (14%) in states with primary seatbelt laws, and the second highest rate (32%) in states with secondary seatbelt laws. 21 Several studies in Europe and Australia have reported low rates of sunscreen use in construction workers, while studies in the United States have focused on outdoor workers in industries other than construction. 22 In the 2005 National Health Interview Survey, about half of participants reported infrequently using sunscreen and this was associated with being male, less educated, smoking, and engaging in risky drinking. 23 Risk perception is at the center of many health and safety behavior theories, though the relationship between perceived risk and behavior varies across behaviors. 24 Much effort has been devoted to studying risk perception as it relates to workplace safety behavior and safety climate, 25, 26 and it is common practice to address risk perceptions through workplace safety training. 27 Construction workers' perceptions of health risk factors has not been explored, and thus less attention has been given to educating workers on the risks of lifestyle behaviors (eg, smoking and sunscreen use) and the additional implications of their health behaviors due to the nature of their work (eg, respirable dust interacting with smoking and greater sun exposure than indoor workers). The goal of this study was to examine health behaviors and risk perceptions among construction workers in two trades, carpentry and floor-laying. We compared carpenters' and floor layers' reported health behaviors to those reported by other white men in Missouri. We assessed construction workers' concerns about work related and non-work related health risks, and examined worker attitudes toward workplace smoking.
METHODS

Study Design and Participants
We conducted a health survey of union construction workers to assess health behaviors and attitudes; the main function of the survey was to identify current smokers for recruitment into a smoking cessation intervention. Study eligibility requirements included being at least 18 years of age and eligible for union health benefits. Union construction workers from two trades, carpentry and floor-laying, were recruited at training classes and union meetings from April 2012 through January 2013. The research team distributed consent forms and surveys to all workers in attendance, explained the purpose of the study, and invited those who met eligibility criteria to participate. After providing consent, subjects completed a self-administered questionnaire including items on demographics, multiple health behaviors, and attitudes toward health. Surveys were collected on the same day, and participants were given a $5 gas card. Survey items were selected based on their relevance to smoking cessation and attitudes regarding workplace smoking policies, since the primary purpose of the survey was to identify smokers to participate in a union-based smoking cessation intervention. We also queried other behaviors, attitudes, and health issues that could be used to develop targeted messaging related to smoking cessation in this population. Questions were adapted from several relevant questionnaires. Questions on smoking behaviors were obtained from the Fagerstrom Test for Nicotine Dependence, 28 and the Smoking Adult Stage of Change Short Form. 29 Questions on frequency and quantity of alcohol use were obtained from the Health at Work Survey administered by the World Health Organization, 30 and questions about health attitudes and concerns were created for this study based in part on Prochaska's theory of stages of change. 31 We compared responses to those from a similar sample from the behavioral risk factor surveillance system (BRFSS), a nationally administered study conducted by the center for disease control (CDC). The BRFSS surveys more than 400,000 adults annually in the United States, and collects data on multiple health related risk behaviors, chronic health conditions, and preventative practices related to leading causes of morbidity and mortality. We used publically available 2013 BRFSS data on smoking and drinking rates, as well as seatbelt use and weight trends. To ensure appropriate comparison of our predominately white man sample to the general population, we restricted each dataset to white men living in Missouri. In addition, we performed direct age standardization of the BRFSS data using 5 years age strata to calculate comparable age-matched population rates to our construction worker sample. 32 The 2013 BRFSS in total interviewed 491,773 adults, of which 1915 were white men from Missouri. This study was approved by the Institutional Review Board of Washington University in St. Louis.
Definitions
Tobacco Use
Participants who reported smoking within the last 30 days were defined as current smokers in our survey. The BRFSS defined current smokers as those who had smoked at least 100 cigarettes in their lifetime and reported that they currently smoked some days or every day.
Alcohol Use
Our survey assessed the frequency of alcohol use and quantity consumed among the construction workers. Frequency of alcohol use was assessed by the question ''In the past 30 days, how often did you drink any type of alcoholic beverage?'' Potential responses included ''I did not drink in the past 30 days,'' ''once a month,'' ''2 to 3 days/month,'' ''once a week,'' ''2 to 3 days/week,'' ''nearly every day (4þ a week),'' and ''every day.'' In the BRFSS, study participants were asked how many days per week or per month they had at least one drink during the past 30 days. The continuous variable from the BRFSS was coded to match the response categories of our questionnaire. For purposes of data presentation, we condensed these categories into four categories: did not drink, drank a few times a month, a few times a week, and every day/nearly every day.
We assessed quantity of alcohol consumed by asking subjects how many drinks on average they had per week in the past 30 days. Response options were: I did not drink in the past 30 days; one to four drinks per week; five to nine drinks per week; 10 to 19 drinks per week; 20 to 29 drinks per week; or 30þ drinks per week. The BRFSS used a continuous scale to ask participants how many drinks they had, on average, on days that they drank in the past 30 days. We calculated drinks per week from the BRFSS frequency and quantity questions, and coded these BRFSS values into the categories of our survey. For purposes of data presentation these categories were collapsed to ''did not drink in the past 30 days,'' ''less than five drinks per week,'' ''5 to 19 drinks per week,'' and ''20 or more drinks per week.'' Using the definitions from the Substance Abuse and Mental Health Services Administration, we defined heavy drinking as having five or more alcoholic drinks in 1 day, on 5 or more days in the past 30 days. 33 In both our construction sample and the BRFSS, heavy drinking was assessed by asking participants how many days in the past 30 they had five or more drinks on a single occasion. We coded responses into three categories: none, one to five times in the past 30 days, or five or more times in the past 30 days.
Seatbelts
We asked participants if they consistently used seatbelts in the car; possible responses were ''Yes, I have been for more than 6 months,'' ''Yes, I have been but for less than 6 months,'' ''No, but I intend to in the next 30 days,'' ''No, but I intend to in the next 6 months,'' and ''No and I do not intend to in the next 6 months.'' These responses were collapsed to ''Yes'' or ''No'' for current seatbelt use in the analysis. The BRFSS responses for seatbelt use were ''always,'' ''nearly always,'' ''sometimes,'' ''seldom,'' and ''never''; these responses were collapsed to ''Yes'' or ''No,'' with ''always,'' ''nearly always,'' and ''sometimes'' coded as Yes.
Body Mass Index (BMI)
We calculated BMI from self-reported height and weight, using the formula ([weight in pounds/height in inches] 2Ã 703). We segmented our group based on the definitions of normal/underweight (BMI < 25), overweight (BMI ! 25), obese (BMI ! 30), and morbidly obese (BMI ! 40). The BRFSS provided individually calculated BMI that we coded into the above categories.
Health Concerns
We asked construction workers to rate their level of concern for several health issues resulting from specific diseases (heart disease, diabetes, cancer), health behaviors (smoking, drinking alcohol, obesity), occupation related concerns (dust/fume inhalation, falls, and injuries), and motor vehicle accidents using a sixpoint scale from one (not at all concerned) to six (very concerned). We divided our responses into either concerned or not concerned based on a response of one to three as not concerned and a response of four to six as concerned.
Worksite Smoking Effects on Safety and Productivity
We assessed construction workers' attitudes toward smoking at work by asking if they thought smoking should be allowed at the worksite, and if they would prefer to work at a non-smoking site. We also asked to what extent the subjects believed that smoking by crew members hurt job performance or reduced worksite safety; response options were ''Not at all,'' ''A little,'' ''Some,'' and ''A lot.''
Data Analysis
We conducted descriptive analyses to report the prevalence of health behaviors and attitudes among construction workers in our sample. To compare our study population to the BRFSS data of white men in Missouri, we used robust Poisson regression to calculate prevalence ratios with 95% confidence intervals. The age standardization of the BRFSS group was done through 5-year age categorical groups in order to standardize the BRFSS population age distribution to that of the construction workers.
We stratified the health concern results by median age, health conditions (obese versus not obese), and presence/absence of health behaviors (smoking, heavy drinking, seatbelt use, and sunscreen use) to determine if concerns about health were appropriately different based on relevant risk factors. We also compared attitudes about workplace smoking by smokers and non-smokers. All data analysis was done using SPSS v.22 (IBM Corp, Armonk, NY) and R v. 3.2.0 (R Foundation for Statistical Computing, Vienna, Austria).
34,35
RESULTS
A total of 1937 eligible construction workers were invited to complete the survey, and 1636 participated (response rate 84.5%). In our sample, the median age was 38 years, with 1611 men and 21 women participants. The majority, identified themselves as white (90.9%), with the second highest being African-Americans (6.6%). More than half of the sample was married (56.2%), 30.2% were single, 13.6% were divorced/separated/widowed. Most workers had children (70.1%); most had at least a high school diploma or General Education Diploma (98.3%), with 34.9% reporting some college and 5.5% having a college degree. More than one-third of construction workers reported current smoking (34.3%), 20% reported drinking nearly every day to every day, 13.2% workers reported drinking 20 or more drinks per week, and 29.5% reported binge drinking five or more times in the past 30 days. Seatbelt use was common, but 15.6% participants did not regularly wear seatbelts in the car. Only 42.0% reported regular sunscreen use; 41.6% said they do not use sunscreen and have no intention to use it in the next 6 months. Based on calculated BMI from self-reported weight and height, 45.6% of workers were overweight, 25.2% were classified as obese, and 1.7% were morbidly obese. Finally, on average our construction workers drove 284.8 miles to work each week.
Comparison to BRFSS Data
Of the 1636 trade workers who completed the survey, 1464 (89.4%) identified as white men, and were selected for comparison to the BRFSS data. Table 1 compares white male construction workers to their age standardized white male counterparts in Missouri. Compared with the BRFSS sample, the construction workers had higher rates of current smoking (Prevalence Ratio [PR] ¼ 1.43), reported a higher frequency of alcohol use (PR ¼ 1.79 for drinking nearly every day to every day), a higher quantity of alcohol consumption (PR ¼ 2.56 for drinking !20 drinks per week), and a markedly higher frequency of binge drinking (PR ¼ 5.58 for binge drinking on five or more occasions in the past 30 days). Construction workers were also more likely to report that they did not consistently use seatbelts (PR ¼ 1.08). Construction workers were more likely to be overweight compared with the general population (46.2% vs. 39.2%), but less likely to be obese (24.6% vs. 27.2%), or morbidly obese (1.9% vs. 3.1%).
Construction Workers' Concerns for Pertinent Health Issues
We compared the proportions of construction workers who expressed health concerns about different injuries, diseases, and exposures. Overall, construction workers had similar levels of concern for work-related injuries and workplace dust/fume exposure as they did for cancer and heart disease ( Table 2 ), but they demonstrated less concern for diabetes, obesity, smoking, drinking, and car accidents. Compared with older workers, younger workers were less concerned about health conditions, but had similar concerns about work-related conditions, accidents, smoking, and drinking.
We examined health concerns related to smoking, alcohol use, and to obesity. Only half of smokers reported being concerned about smoking, and their concern for other health conditions, including heart disease, cancer, and dust/fumes exposure, was similar to nonsmokers. Only 13.1% of heavy drinkers were concerned about their drinking. Overall, heavy drinkers showed less concern for all other diseases, injuries, and behaviors compared with non-heavy drinkers. Obese workers reported concern for heart disease (49.9%), diabetes (38.2%), and obesity (41.5%) more frequently than non-obese workers, but concern for job injury was similar in both groups. Additionally, obese workers reported greater concern for dust/fume inhalation than for obesity-related diseases.
We examined seatbelt and sunscreen use for related conditions. Few workers who did not wear seatbelts reported concern for car accidents (19.7%) or job injuries (38.4%), a lower prevalence than among those who regularly wore seatbelts (21.1% and 51%, respectively). Finally, concern for cancer and job injury was higher 
Worksite Smoking Effects on Safety and Productivity
We assessed construction workers' opinions about smoking and its impact at the worksite (Table 3 ). The majority of nonsmokers thought that smoking should not be allowed on worksites; in contrast, only 17.5% of current smokers thought smoking should not be allowed. Similarly, 65.7% of non-smoking construction workers preferred to work on sites without smoking, compared with 11.5% of smokers. When exploring the links between smoking, work productivity, and work safety, 55.5% of non-smokers reported that smoking by other crew members hurt job performance ''Some/ A lot'' compared with only 19.8% of smokers. Thirty-nine percent of non-smokers reported that smoking reduced workplace safety ''Some/A lot'' compared with only 14.4% of current smokers.
DISCUSSION
Our results highlight several important trends in health behaviors and health concerns among construction workers, a large, and growing segment of the working population with recognized health disparities. Consistent with previous literature, we found that construction workers were more likely to smoke, to drink alcohol more frequently and heavily, and to report less seatbelt use when compared with the general population. Construction workers' concerns about specific health conditions were often incongruent with health and injury risks posed by their behaviors. We also observed a sharp contrast between current smokers and non-smokers with regard to perceptions of the effects of smoking on safety and productivity, and on whether smoking should be allowed on worksites.
Among our study group of construction workers, we observed a high prevalence of smoking, with more than a third (34.3%) reporting current smoking. This value was almost twice the percentage (17.8%) of current smokers nationally. 36 Our findings agreed with other studies that reported smoking rates among blue collar workers are almost twice of those among white collar workers. 10 In addition, construction workers drank alcohol more frequently, consumed more alcohol, and reported a strikingly high rate of binge drinking. These findings are congruent with previous studies showing higher levels of alcohol use among manual workers. 14 Our study showed discordance between health concerns and health risks among our construction worker population. Among all workers, there was less concern for drinking and smoking compared with concern about work related hazards like dust/fume inhalation and onsite job injury, even among smokers and heavy drinkers. While work injury and dust inhalation represented significant risks of injury and chronic illness to construction workers, these risks are likely smaller for most workers than the very high attributable mortality for smoking. 37 Almost the same proportion of smokers as non-smokers expressed concern for heart disease, cancer, and dust and fume inhalation at work, despite the well-known increased risks of heart disease 38 and lung cancer 39 associated with smoking, and the additive or synergistic effects of smoking on pulmonary disorders associated with workplace dust and fume inhalation. 40 There was remarkably little concern over alcohol use in this group, despite the high levels of reported drinking, and known increased mortality from drinking associated disorders among construction workers. Construction workers also reported less frequent seatbelt use (15.6% did not consistently wear seatbelts when driving), despite being at higher risk for motor vehicle fatalities. Construction workers often drive as part of their job duties, so are at risk for motor vehicle fatalities at work. A less appreciated risk is the long distances that construction workers routinely drive in commuting to geographically dispersed worksites. As reported by the United States Bureau of Transportation, the average American worker drives 153 miles a week to work and back, 41 while our construction workers reported an average weekly commute of 285 miles per week. Lengthy commutes, coupled with lack of seatbelt use, results in construction workers exposing themselves to more risk when driving compared with other workers. Our data also found that those who did not wear seatbelts were also less concerned about car accidents or job injury. Workers also reported infrequent sunscreen use and few intended to use sunscreen despite working outdoors. As suggested by Hakes and Viscusi, 42 these findings may be due to a propensity to take risks among those who do not wear seatbelts. Failure to use seatbelts and sunscreen is likely connected to workers' perceptions of risk, which has been shown to influence use of personal protective equipment for hearing protection and other disorders 43 ; perception of risk sufficient to alter current behavior is particularly difficult to encourage for disorders such as hearing loss or skin cancer, where the health effect is not manifest for many years after the exposure.
Our study showed that construction workers are more likely to be overweight than the general population (though less likely to be obese). Though being moderately overweight may not be associated with increased mortality in construction workers, 44 being overweight may result in greater morbidity from cardiovascular disease, diabetes, or disability related to osteoarthritis. 45 When compared with non-obese workers, obese workers were more likely to be concerned about heart disease, diabetes, and obesity, an example of an appropriately concordant health concern. However, obese workers were less concerned about job injuries, although some literature suggests that obesity increases the risk of work related acute injuries. 16 Among populations with heavy physical work demands, both work and obesity also increase the risk of chronic musculoskeletal disorders of the low back, lower extremity, and upper extremity. [46] [47] [48] Non-smokers and smokers differed in their perceptions of the effects of smoking on safety and productivity, and on whether smoking should be allowed on worksites. A large fraction of non-smokers reported that smoking hurts job performance and safety; the majority of them preferred to work on a non-smoking worksite and preferred that smoking not be allowed at worksites. These links between smoking and perceived productivity and safety have been little explored, and provide additional justification for worksite policies banning smoking. Non-smoking policies at construction sites are more often established by the owner rather than the general contractor, and construction has been slower than other industries to adopt non-smoking policies, with only 67.8% of construction workers reporting a restriction on worksite smoking compared with 90.7% of white collar workers in the 2006 to 2007 current population survey-tobacco use supplement data. 10 Recent literature has described relationships between workplace safety climate, risk perception, and individual behaviors, including use of personal protective equipment and smoking. 49, 50 Higher smoking rates and lower rates of PPE use were seen among workers who reported lower levels of belief that safety was valued in their workplace. 49 Previous studies have described links between smoking and work-related hazards, and have attempted to simultaneously address workplace safety to improve smoking cessation among construction workers. 50 To our knowledge, our data are the first to show large differences in belief among smoking and nonsmoking construction workers about the effects of smoking on workplace safety and work productivity, and to show that many workers would prefer non-smoking sites. There were several limitations to our study. Our survey question formats were somewhat different than the BRFSS format, resulting in the need to re-code data for comparison as described in the Methods section. While question format may account for some of the differences seen between construction workers and our reference population, it seems unlikely that the large differences in health behaviors seen between construction workers and the general men population can be attributed to question format alone. Our data come from self-reported behaviors, which may cause inaccuracy in reporting-most likely in the direction of reporting better health behaviors than actual, making our results all the more striking. The respondents of our survey were all unionized carpenters and floor layers in the St. Louis metropolitan region; however, the demographic of construction workers across the country includes many non-unionized workers, including many Hispanic workers, who may have different health behaviors and concerns. Additionally, workers in other construction trades may have different workplace exposures and policies that influence their health and attitudes. Finally, this study looked at health concern in a very broad scope, and it is likely that a more detailed examination of individual concerns would yield a clearer picture as to why perception of nonwork related health concerns were different from work related.
Strengths of our study include its large sample size, its assessment of both health behaviors and concerns, and our questions on the perceived effects of health behaviors on safety and productivity.
In conclusion, our findings showed that there was a large difference in health behaviors between construction workers and their white man counterparts in Missouri. The construction workers generally showed a high concern for work-related health and safety risks, but concerns about their non-work related health behaviors did not correspond with the related health risks. Perceived health risks including cardiovascular disease, smoking, alcohol related illnesses, and automobile accidents did not correspond appropriately to reported behaviors. This discordance creates a public health opportunity in this large worker group. Educational efforts to improve construction safety have been successful in creating awareness of work-related safety and health issues and in changing safety behaviors in this population. 51 A variety of national and local programs have addressed workplace safety and health and have created channels for influencing the construction industry. Similar efforts are needed to address observed disparities in important health behaviors among this high risk worker population.
